Abstract Information on the age dynamics of particulate organic matter (POM) in large river systems is currently sparse and represents an important knowledge gap in our understanding of the global carbon cycle. Here we examine variations in organic geochemical characteristics of suspended sediments from the Changjiang (Yangtze River) system collected between 1997 and 2010. Higher particulate organic carbon content (POC%) values were observed in the middle reach, especially after 2003, and are attributed to the increase of in situ (aquatic) primary production associated with decreased total suspended matter concentrations. Corresponding With the resulting decline in sediment load and increase in the proportion of modern POC in the lower reach, these changes in POM flux and composition of the Changjiang have significant implications for downstream carbon cycle processes.
Introduction
Understanding the controls on fluxes and dynamics of processes associated with fluvial transfer of terrestrial organic carbon (OC) from the continents to the ocean represents a fundamental challenge for carbon cycle biogeochemists (Aufdenkampe et al., 2011; Battin et al., 2009; Benner, 2004; Hedges et al., 1997; Goñi et al., 1997 Goñi et al., , 1998 Goñi et al., , 2005 Tranvik et al., 2009 ). In particular, whether these processes result in a net source or sink of atmospheric CO 2 depends on both the fate of terrestrial OC in the marine environment and on the origin and nature of the exported carbon Feng et al., 2013; Galy & Eglinton, 2011; Rosenheim et al., 2013) . Rivers are integral and dynamic components of the global carbon cycle, transporting, storing, and processing huge amounts of OC supplied from surrounding watersheds, as well as produced within the fluvial network (Aufdenkampe et al., 2011; Borges et al., 2015; Marwick et al., 2015; Raymond et al., 2004; Schefuss et al., 2016) . However, a comprehensive understanding of the factors that influence the composition, reactivity, and mobilization of terrestrially derived OC within river basins is still lacking.
River systems are becoming increasingly affected by human activities such as dam construction, deforestation and agriculture, water diversion, and sand mining (Bianchi & Allison, 2009; Yang et al., 2015) . Large-scale alterations to the hydrological plumbing of rivers have changed the fluxes and ratios of carbon and nutrients, as well as the proportions of dissolved versus particulate materials, reaching coastal waters Wu et al., 2015) . Large river systems developed on passive margins have significant capacity to store eroded sediments. Extended residence times in intermediate reservoirs, such as floodplains, wetlands, and dam systems, result in modification of the composition and structure of transported organic material, and such syson the residence time and fate of terrestrial organic matter (OM) in river basins in the face of ongoing climatic change and anthropogenic disturbance therefore constitutes an important challenge.
A number of studies have measured the radiocarbon compositions of bulk OC or specific plant-derived biomarkers in sedimentary deposits or total suspended matter (TSM) with the aim of constraining the ages and sources of terrestrial OM within river basins and its relationships with OM burial on continental margins (Blair & Aller, 2012; Feng et al., 2013; Galy & Eglinton, 2011; Marwick et al., 2015; Schefuss et al., 2016; Tao et al., 2015) . Measured radiocarbon ages of riverine OC are generally interpreted as the mean time elapsed since biosynthesis and are taken to reflect the integrated effects of transit, as well as temporary deposition and storage of carbon within the watershed (Goñi et al., 2005; Marwick et al., 2015; Rosenheim & Galy, 2012) . Further insights into carbon sources and cycling within river systems can be gained when radiocarbon observations are used in combination with δ 13 C measurements (Goñi et al., 2005; Marwick et al., 2015; Schefuss et al., 2016; Tao et al., 2015) . At the global scale, the median Δ 14 C value of bulk particulate OC (POC) was found to be À203‰, corresponding to an age of~1,800 years . Younger POC ages have been observed in tropical rivers, whereas older ages have been detected in temperate and higher-latitude regions with a larger influence of geomorphology and soil erosion (Feng et al., 2013; Galy & Eglinton, 2011; Leithold et al., 2006; Li et al., 2015; Longworth et al., 2007; Moreira-Turcq et al., 2013; Schefuss et al., 2016; Tao et al., 2015; Wang et al., 2012) . Given that anthropogenic activities such as dam construction modify both the location and timescales of storage of OM within river basins (Li et al., 2015) , it is important to establish and determine characteristics of different specific river systems in order to understand their natural dynamics and to predict human influences on underlying biogeochemical processes (Tao et al., 2015) . Studies examining carbon isotopic (especially radiocarbon) characteristics of POC under different hydrological conditions within large river basins remain scarce. Such information is vital for assessment of the factors controlling spatial and temporal variability in riverine OM content and composition.
The Changjiang (Yangtze River) is a globally significant fluvial system. Beginning approximately 55 million years ago, the Changjiang drainage basin has fed a main tributary that is distinctive in terms of both the extent of its catchment area and associated global water and chemical fluxes into the ocean. Within the last century, the Changjiang has also experienced heavy anthropogenic disturbance, including the construction of Three Gorges Dam (TGD), the world's largest hydropower project, which was coffer-dammed in 1997, began operation in 2003, and was fully operational in 2006. Sediment decline associated with dam emplacement carries important biogeochemical implications. There have been numerous studies of the biogeochemical characteristics of OM and human impacts on the river with bulk proxies and lignin phenols, which have successfully elucidated the effect of dam construction on the composition and structure of particulate OM (POM; e.g., Bao et al., 2015; Dai et al., 2014; Wu et al., 2007 Wu et al., , 2015 Yang et al., 2006 Yang et al., , 2011 Yang et al., , 2015 Yu et al., 2011; Zhang et al., 2014) . However, there is currently very limited available information on the age of OM, particularly in the lower reach downstream of TGD only (Li et al., 2015; Wang et al., 2012) . Further knowledge of OM storage and modification in the Changjiang system, especially in basin size and different hydrological conditions, would shed light on potential natural and/or anthropogenic controls (e.g., TGD construction) on the balance between OM export and burial versus respiration, leading to a better understanding of carbon cycle processes on both regional and global scales.
In this study, we present the results from multiyear observations in the Changjiang basin, focusing on the seasonal variability of POC concentration (expressed as the carbon content of TSM), chlorophyll-a (Chl-a), and δ 13 C values. POC ages of depth profile samples are also examined under different hydrological conditions.
This first basin-wide study of OM ages in the Changjiang provides a framework for better understanding (controls on) spatial and temporal variations in OM sources (Ganges-Galy & Eglinton, 2011; Amazon-Bouchez et al., 2014; Mackenzie-Hilton et al., 2015) ; in addition, the effect of TGD construction on the quality, origin, and ages of particles are evaluated.
mainstem. The middle reach begins at Yichang (YC; elevation 100-2,400 m) and meanders through a fluvial plain and two large lake systems that interact closely with the mainstem. The lower reach begins at Hukou (the outlet of Poyang Lake, elevation~32 m), below which no large tributaries join the river (Figure 1 ). The end of the lower reach is Xuliujing, which is about 125 km from the coast. The uppermost location of the river that is free of tidal influence is called Datong (DT), where the hydrological station is located.
Sample Collection
Since 1997, we have been conducting six expeditions upstream from the river mouth in order to assess biogeochemical characteristics of the Changjiang under different hydrographic regimes (Table 1 and supporting  information Table S1 ). During three campaigns, samples were collected over~4,200-km span of the river along the mainstem, including sampling of 15 major tributaries. Other expeditions mainly focused on the middle and lower reaches, from the TGD to the river mouth ( Figure 1 ). Depth profile samples were collected from the river during the 2009 survey. Surface water samples (<1 m) were obtained using an acid-cleaned bucket that was prerinsed with in situ water. Depth profile samples were collected using 5-L Niskin bottles attached to nylon cables, and samples of bottom water were taken~1 m above the riverbed.
Filtration was carried out immediately in the field through precombusted 0.7-μm glass fiber filters (47-mm diameter) for POC, Chl-a, and isotopic analyses. All samples were stored in precombusted foil at À20°C prior to analysis. TSM was calculated from the dry weight of the filtered material captured on the filters. Radiocarbon measurements were performed on bulk POM samples from the 2009 and 2010 campaigns. During the 2009 sampling campaign, the TGR was in a period of impoundment, and the average water discharge at DT (~17,000 m 3 s À1 ) corresponds to among the lowest measured discharge values (Figure 2a ). This sampling period was thus regarded as representative of low-discharge conditions. The water discharge at DT during the 2010 survey was~61,450 m 3 /s, and the 2010 flood was reported to be the largest in the last decade .
Analytical Methods
The filters for POC analysis and sediment samples were dried at 55°C in the lab. Particles were carefully scraped off the filters for further analysis. Sediments were ground and sieved (80 mesh, 178 μm) before further analysis. Carbonate removal prior to OC% and stable carbon isotope and radiocarbon analysis of POC was achieved by acid fumigation with concentrated HCl ). An aliquot of each sample Table S1 ). Explanation of the tributary and sampling station abbreviations are listed in was used for POC and bulk stable carbon isotope (δ 13 C) analyses at the National Ocean Sciences Accelerator Mass Spectrometry (NOSAMS) Facility at Woods Hole Oceanographic Institution. Bulk 14 C analysis was also conducted at NOSAMS using established protocols (e.g., Gustafsson et al., 2011) . The 14 C data are reported as percentage modern carbon and Δ 14 C (‰) values after correction for 13 C fractionation (normalization to δ 13 C = À25‰). Chl-a for particulate samples were extracted using acetone (90%), determined using a spectrophotometer, and concentrations were calculated using the Lorenzen (1967) equations.
Two Models Applied to Assess Different Origins of POM
The binary mixing model was applied to estimate the proportions of petrogenic and biospheric contributions (POC petro and POC bio , respectively), which can be described by the following governing equations (Galy et al., 2008; Galy & Eglinton, 2011) :
where f biosphere and f petro are the fractions of POC derived from biospheric and petrogenic sources, respectively; A sample is the measured composition of riverine POC samples; and A biosphere and A petro are the compositions of biospheric and petrogenic sources, respectively. As POC petro is radiocarbon-dead (Fm petro = 0), the two equations can be combined and rearranged to yield: Note. Average values of TSM (mg/L), POC content (%) and concentration (mg/L), stable isotopic composition (δ 13 C, ‰), and Chl-a concentration (μg/L) for the different regions are listed for comparison. Average values of each campaign were summarized in the rows of "River." TSM = total suspended matter; POC = particulate organic carbon; Chl-a = chlorophyll-a.
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Thus, if a linear fit is observed between POC org (X) and Fm × POC org (Y), the intercept and slope of the linear correlation can be used to calculate Fm bio and POC petro , respectively, of the measured samples ( Figure S1 and Table S3 ).
A three-end-member mixing model then was employed using both Δ 14 C and δ 13 C values to assess the relative fractional contributions of modern biomass (f B ), pre-aged soil (f S ), and ancient fossil material (f F ) to the Changjiang POC. This model can be written as follows:
In order to avoid errors from arbitrary assignment of end-member values, a random sampling Monte Carlo (MC) simulation strategy was implemented to assess the source variability in the end-member values .
Statistical Analyses
In the MC simulation strategy, end-member values (Δ 14 C and δ 13 C) are assumed to follow a normal distribution within a given mean and standard deviation. The analysis was run in MATLAB (version R2013a, MathWorks, USA). Briefly, the program was run in Enthought Python Distribiton7.2. Out of 100 million random samples from the normal distribution of each end-member, 1 million were selected simultaneously to fulfill the given system . Based on random sampling of each parameter value for five times, the variation of the mean values for each end-member was determined to be less than 0.2‰, indicating statistical stability of the model.
Statistical differences of Δ
14 C values in depth profile samples were calculated using one-way analysis of variance. Statistically significant differences are discussed within the 95% confidence interval.
Results

Variation of Water Discharge and Sediment Load
The monthly data from three gauging stations on the Changjiang mainstem-Cuntan (CT) in the TGR, YC downstream of the TGD, and DT in the lower reach (Figure 2 )-revealed a seasonal pattern of variability in sediment load and water discharge (Council of Changjiang Hydrology, 2003 , 2010 . The difference from CT to YC and YC to DT reflects material trapped in the TGR and the contribution of middle reaches. Higher sediment loads were observed in CT station, while higher water discharges were observed in DT station, especially in flood season. The decline of sediment load at YC station after 2003 is significant. Both 2006 and 2008 were drought years based on annual fluxes of water discharge and sediment load. 
TSM Concentrations and POC Contents
Average values for general geochemical parameters (TSM, POC%, δ 13 C, and Chl-a) obtained from all the surveys are summarized in Table 1 . TSM concentrations exhibited strong spatial and temporal variations. Lower values (<50 mg/L) were observed in dry seasons, with elevated values in normal seasons (~60-80 mg/L), and the highest values (up to 200-300 mg/L) during the flood season. During the 2009 impoundment period, the TSM concentrations of the upper reach were as high as 283 mg/L, whereas the values in the middle and lower reaches were only~50 mg/L. POC contents (expressed as the percentage of POC in TSM, POC%) ranged from 0.6% to 3.8%, with higher POC contents during the dry seasons, especially in the middle reach. In both flood and normal seasons, the mean value of POC in the upper, middle, and lower reaches was~1.1%, with no clear spatial variation, although POC% values were inversely correlated with TSM concentrations (Figure 3a) . Similarly, while there were no obvious spatial variations in POC concentration (expressed as mg/L) within the data set, POC and TSM concentrations were positively correlated (R 2 = 0.75). Note. TSM = total suspended matter; POC = particulate organic carbon; SD = standard deviation; BP = before present; SG = Shigu; YC = Yichang; XLJ = Xuliujing; WJ = Wujiang; GJ = Ganjiang; HJ = Hanjiang; XJ = Xiangjang; FJ = Fujiang; DTH = Dongtinghu; HJ = Hanjiang; PYH = Poyanghu; NX = Nanxi; JJ = Jiujiang; HS = Huangshi; WU = Wuhu; YLJ = Yalongjiang; JLJ = Jianglingjiang; CLJ = Chenlingji; WH = Wuhan; JY= Jiangyin.
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Chl-a Concentrations and POC δ 13 C Values
Average POC δ 13 C values, ranging from À26.9‰ to À24‰, showed no systematic spatial and temporal variability (Table 1) 
Discussion
As sediment is the major carrier of riverine POM, the transport and delivery of POM in large basins is strongly controlled by the provenance and magnitude of sediment supply from different sources and by hydrodynamic processes (Dai & Liu, 2013) . Thus, fluvial processes can modify the composition, structure, and age of riverine POM. In this study, we seek to better characterize the nature of POM transported by the 
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Changjiang and its tributaries and to assess potential temporal variations in response to seasonal, interannual, and anthropogenic influences.
Spatiotemporal Variations in POC Transported by the Changjiang
Several prior studies have examined the origin, composition, transport, and flux of OM in the Changjiang basin. The TSM and POC% values measured in this study are comparable to those of previous studies Wang et al., 2012; Wu et al., 2007 Wu et al., , 2015 Yu et al., 2011; Zhang et al., 2014) (Table 2 and Figure 5 ). Before the operation of TGD (2003), TSM concentration and POC% exhibited a positive correlation and spanned a lower range of POC% values (less than 2%). After 2003, the variability in POC% values became greater, with higher values of POC% frequently observed in low TSM samples. As suggested previously, soil OM represents the major source for POM in this basin, which could explain lower POC% observed in this system . Our results suggest that POC% values in the middle reach are higher (average 1.86% ± 0.8%) than in the upper and lower reaches (average 1.10% ± 0.3%), especially during the dry season. This may reflect contributions from two lake systems in the middle reach that have extremely high POC% values (>4%) compared with other tributaries. However, corresponding δ 13 C values do not indicate additional sources of POM in the middle reach. Considering the decline of sediment load within the basin as a consequence of the TGD, we expect that the accompanying decrease of TSM may promote in situ production and hence an increase in POC%. This interpretation is supported by the lower TSM concentrations observed in the dry season corresponding to higher POC% values and by the correlation between Chl-a and POC% in samples collected subsequent to 2003 ( Figure 3 and Table 2 ). The TSM ratio (ratio of the average TSM values of the lower versus middle reach, or the middle versus upper reach) exhibits a clear linear correlation with the sediment-load ratio (using the sediment loads of CT, YC, and DT to represent the upper, middle, and lower reaches, respectively; r 2 = 0.95 if data collected during extreme weather in January 2008 are excluded, and r 2 = 0.66 if including all data; Figure 6a ). The POC% ratio (between various sub-basins) also exhibits a negative correlation with the sediment-load ratio (between various sub-basins), and while this correlation is weaker (r 2 = 0.82, excluding data collected during the impoundment period in September 2009), it suggests that dilution of TSM is a major process controlling POC content of TSM in the Changjiang watershed (Figure 6b ). High POC/Chl-a ratios indicate that POM is dominated by detritus (high values of >200; Figure 3d ), although an autochthonous contribution is also likely present . The contrasting behavior between Figure 5 . Relationships between particulate organic carbon (POC%) and total suspended matter based on series observations and literature data.
(a) (b) Figure 6 . Relationships between (a) ratio of total suspended matter (TSM) versus ratio of sediment load and (b) ratio of POC% versus ratio of sediment load among sub-basins of the Changjiang, the ratio of middle-to-upper reach (represented as orange symbols) and the ratio of lower-to-middle reach (represented as blue symbols).
Chl-a versus POC% and δ
13
C subsequent to 2003 suggests that the construction of the TGD resulted in enhanced contributions from autochthonous OM to POC in the middle and lower reaches of the river (Figure 3 ).
Apportionment of POC Sources in the Changjiang Basin
Riverine POC consists of three primary inputs: recently synthesized biomass and detritus from terrestrial and/or aquatic primary producers, pre-aged soil OM, and fossil material (Goñi et al., 2005; Marwick et al., 2015; Tao et al., 2015) . Here we apply two approaches to constrain the contributions of different sources: a dual-isotopic mass balance (Drenzek et al., 2007) and a binary mixing model based on bulk 14 C compositions (Galy et al., 2008; Galy & Eglinton, 2011) .
The binary mixing analysis results for the Changjiang samples are summarized in Table 3 . With the exception of the uppermost station in 2009, most suspended particles in the Changjiang River are dominated by POC bio (~60-80% of total POC). Higher Fm bio values observed for the tributaries may be related to higher in situ production in those areas due to eutrophication. Lower Fm bio values were found for samples collected in the TGD region during the flood season of 2010 and imply trapping of fossil material in the upper reach.
Corresponding estimates for the average POC bio 14 C age of these samples varied from~1,500 years in October 2009 to~2,000 years in August 2010. These values are close to estimates of POC bio age from the Amazon River (1,120-2,750 years; Bouchez et al., 2014) and the Ganges River (1,600-2,960 years; Galy & Eglinton, 2011) but younger than the values for the Yellow River (3,190-4,790 years; Tao et al., 2015) and the Mackenzie River (3,030-7,900 years; Hilton et al., 2015) . Since the binary mixing model is based on a linear fit of available data, its robustness is dependent on sample density. Furthermore, depth profile Δ 14 C data are not available for 2010; we only could make a rough estimation of the origin of OM from different regions 
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Journal of Geophysical Research: Biogeosciences (Table 3) . More detailed sampling would be necessary to further constrain POC sources. Moreover, since POC versus δ 13 C suggests that soil OM represents the major sources of riverine POC, it is important to separately assess contributions of pre-aged soil OC.
For the three end-member mixing model, we assign different end-members for fossil biomass, modern biomass, and pre-aged soil for the upper reach and for the middle and lower reaches in order to reflect regional variability in end-members (e.g., variable δ 13 C values of plants and fossil material; Yu et al., 2007) . In particular, because of the high trapping efficiency of the TGR after its emplacement in 2003 , the contribution of sediment from the upper reach to the middle and lower reaches declined significantly. The fossil material end-member of the upper reach exhibits typical characteristics of Himalayan rock (δ 13 C and Δ 14 C values of À20.3‰ ± 1.5‰ and À950‰ ± 50‰, respectively; Galy et al., 2008) . The values of higher plants are assigned to be δ 13 C = À31.7‰ ± 2‰ for the upper reach and δ 13 C = À28.5‰ ± 2‰ for the middle and lower reaches, with Δ 14 C = 0‰ ± 50‰ for both regions (Yu et al., 2007) . The end-member compositions of soil assignments are difficult to infer, especially with respect to Δ 14 C values given that the soil OM could derive from different soil depths. We use the average values of various soil samples (top 10 cm; n = 7) collected from the whole basin as the end-member (À276‰ ± 30‰) and an average δ 13 C value of À23.0‰ ± 2‰. Figure 7 shows results of the model calculations for mean proportions of modern biomass, pre-aged soil, and fossil OC in the Changjiang for 2009 and 2010. The MC simulations yield standard deviations in model calculations of 5% to 7% for fossil material, 9%-15% for modern biomass, and 17%-56% for pre-aged soil. We calculate average proportions for Changjiang suspended OC load of 38% (±13%) modern labile OC, 41% (±18%) pre-aged soil OC, and 21% (±6%) fossil OC in 2009. Corresponding values for 2010 were 35% (±15%), 47% (±21%), and 18% (±7%), respectively. Estimates for the fraction of fossil OC in the upper reach are as high as 30%, which is similar to the proportion of fossil material in the Yellow River but which contains higher pre-aged soil OC (Tao et al., 2015) . Higher proportions of fossil OC and lower proportions of modern labile OC are observed in the middle and lower reaches in 2010 compared with 2009 ( Figure 7 ), whereas there is only a minor difference in the fraction of pre-aged soil OC. Similar behavior was also observed in the Mississippi/Atchafalaya River (Rosenheim et al., 2013) . Differences in POC 14 C age during high and low discharges periods in the Changjiang were limited (Figure 4 ), similar to observations for other large passive margin river systems (Blair & Aller, 2012; Rosenheim et al., 2013; Rosenheim & Galy, 2012) . Our results show that the Changjiang suspended load is composed of a mixture of POC, and that variable contributions of pre-aged soil may exert a strong influence on POC 14 C age.
The estimated contribution of fossil material is lower in the three-end-member model compared to the twoend-member model. This difference between the two models may reflect insufficient data density to fully constrain the two-end-member model, as also noted in a study of the Yellow River (Tao et al., 2015) . But the binary analysis results rely on distinctive end-member compositions and are easy to compare with other river systems directly, while the three-end-member model quite depends on the reliability of end-member compositions for better estimations. However, both models return higher values for the proportion of fossil OC in the Changjiang TSM (0.07-0.13%) relative to other river systems (0.02-0.06%) such as the Amazon, Ganges-Brahmaputra, and Yellow Rivers (Bouchez et al., 2014; Galy et al., 2008; Tao et al., 2015) but lower than those reported in a previous study of the Changjiang that used estimates derived from a station within an urban setting (Nanjing) in the middle reach (0.46% ± 0.1%; Li et al., 2015) . The estimated contribution of modern biomass is also lower in the three-end-member model, underlining the significance of pre-aged soil OM.
Interannual Variability in POC and the Impact of the TGD
Our findings are generally consistent with previous studies indicating that large passive margin rivers deliver a minor component of fossil (petrogenic and fossil fuel) OC, with the majority derived from contemporary and pre-aged soil biospheric OC (Blair & Aller, 2012) . This suggests that such river basins can be regarded as large-scale processing systems whereby hydrodynamic and remineralization processes modify the original POM signal during transport. The spatial and temporal variations in POM ages, which are similar to those previously reported for this river system (Li et al., 2015; Wang et al., 2012) , result from a complicated interplay between geological, hydrological, and biogeochemical processes operating throughout the entire basin. Coupled ramped pyrolysis and 14 C analysis of Mississippi River POM revealed that while older POC occurred during higher discharge, no single component of the POC is responsible for the increased age (Rosenheim et al., 2013) . This compositional complexity is potentially resulted from in situ reworking and exchange within the floodplain (Blair & Aller, 2012) . The linear relationship between TSM and Δ 14 C (Figure 4c ) suggests that TSM sampled in the middle and lower reaches in 2010 reflects a binary mixture of contributions from upper and lower regions. This observation, together with the apparent linear relationship between the TSM ratio of the upper to middle reaches (based on the average values listed in Table 1 ) and the sediment-load ratio (r 2 = 0.95), reveals a consistent pattern of progressively older riverine POC age with increasing suspended sediment load, as has also been observed in a global compilation of river data . than those of lower reach (À282‰ ± 75‰), indicating an accumulation of fresher OC in the TGR. This finding is consistent with a recent study of pCO 2 dynamics in the reservoir, which indicates that TGR exerts an important influence that has altered OM composition and bioavailability in the middle and lower reaches (Liu et al., 2016) . The somewhat lower and more constant Δ 14 C values at the lower reach could reflect channel erosion and sediment resuspension processes in the middle and lower reaches (Dai & Liu, 2013) .
Based on annual fluxes derived from sediment trapped within the TGR (Hu et al., 2009) as well as our POC data collected in YC, we estimate a POC burial flux in the TGD of~1.63-Mt POC/year since 2003. This burial flux is lower than that obtained in a previous study (~2.1-Mt POC/year; Li et al., 2015) . For comparison, the POC export flux for 2003-2014 from the Changjiang, estimated from the sediment load at DT (lower reach), was 0.87-to 2.77-Mt POC/year (average~1.78-Mt POC/year; Wu et al., 2015) . These estimates demonstrate that the TGD plays an important role in trapping POM from the upper reaches of the Changjiang. A recent study of CO 2 fluxes from the TGR concluded that CO 2 emissions are only about 0.17 Mt/year during the high-water-level period (Fu et al., 2016) , implying that the TGR is an efficient carbon sink. Continuous monitoring of CO 2 degassing from the Changjiang estuary indicates that this area acts as a moderate or significant sink of atmospheric CO 2 in winter, spring, and summer and only becomes a net CO 2 source in autumn (Zhai & Dai, 2009 ). This implies an increase in delivery of fresh OC to the Ease China Sea (ECS) shelf, potentially leading in the future to the ECS shifting from serving as a sink to a source for atmospheric CO 2 . The operation of the TGD is thus modifying the source, composition, and ages of POM in the Changjiang, especially in middle and lower reaches, with accompanying changes in the regional carbon balance. Specific changes include accelerated POC accumulation in the TGR, higher primary production in middle-lower reaches, and delivery of fresher OC to ECS, potentially modifying the role of the ECS in regulating atmospheric CO 2 . Sustained observations and modeling for assessment of ongoing change, as well as prediction of future changes in the Changjiang-ECS system-and indeed other anthropogenic impacted large rivers-is therefore important for assessment of regional-and global-scale impacts.
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Conclusions
In this study, we report a comprehensive data set that reveals spatial and temporal variations in POM ages and characteristics throughout the Changjiang basin. Dual-carbon isotopic mixing models suggest that three primary sources of OM contribute to the modern-day (2009 and 2010) Changjiang suspended load: modern biomass OC from fresh higher plant detritus and aquatic production, pre-aged soil OM, and fossil (petrogenic) OC. A higher fraction of fossil OC and lower fraction of modern labile OC were observed in the middle and lower reaches in 2010 compared with 2009. From a two-end-member mixing model, we estimate that average 14 C ages derived from Fm bio were~1,500 and~2,000 years for 2009 and 2010, respectively, comparable to similarly derived 14 C ages for the Amazon and Ganges TSM but younger than Yellow River TSM. Both mixing models suggest that soil OC comprises the major component of Changjiang POC. Since its completion in 2003, the TGD has resulted in trapping a significant portion of POC behind the dam. POM in the middle and lower reaches has correspondingly shifted to younger, fresher material, with potentially broad implications for biogeochemical processes throughout the Changjiang-ECS system. Further investigations are necessary to assess impacts of the decline in sediment load and associated decrease of the supply of refractory fossil carbon from large river systems on carbon budgets in adjacent marginal seas.
